Abstract: The desmid flora of the Girutiskis mire complex reserve in Lithuania, a Natura 2000 territory and a potential Ramsar site, was investigated for the first time. Despite being a relatively small area with homogenous ecological conditions and a narrow range of pH-values, some pattern in the distribution of desmid species was observed. The lowest number of species was observed in the highly acidic lakes that were surrounded by sub-shrub bogs, and the highest number in less acidic lakes that were surrounded by trembling bogs. A total of 78 desmid taxa were found of which 16 were first records for Lithuania. Almost half of the taxa were uniquely found at one site, and only 10% were classified as frequent.
Introduction
Bogs and mire complexes cover approximately 5% of the Lithuanian territory. Despite the fact that many of these territories are Natura 2000 and Ramsar sites, the information about the algal flora of these areas is still scanty. The aim of our research was to fill this gap and to investigate the algal flora in one of these sites, the Girutiskis reserve, which had not been investigated before. The Girutiskis reserve is a unique territory of natural mire complexes of 13 natural dystrophic lakes, situated in the eastern part of Lithuania. The altitude ranges between 146.9 and 162.4 m a.s.l., and the total territory of the reserve has a size of 1483 ha of which the largest part consists of active raised bogs. The Girutiskis reserve is a Natura 2000 territory and potential Ramsar site. It includes a number of important habitats that are listed in EU Habitat Directive 92/43/EEB Annex I, namely 3130, 3160, 7110, 7140, and 7230 . The conservation value of the territory is further demonstrated by the presence of 100 rare and endangered species of birds and plants that listed in the Red Data Book of Lithuania and of rare communities such as Ledo-Pinetum var. Betula nana and LedoPinetum var. Chamaedaphne calyculata.
As earlier investigations of wetlands have shown, areas such as the Girutiskis reserve offer good conditions for the development of a rich desmids flora (Vilkaitis 1926 (Vilkaitis , 1937 (Vilkaitis , 1940a . A general review of the history of desmid investigations and the main taxonomic and ecological features of the desmid flora in Lithuania was presented in a previous paper (Kostkeviciene et al. 2003) . A total of 373 taxa of desmids have been recorded in this country since the 1880's. In the present study of the Girutiskis reserve 78 taxa are identified, including 16 that are new to the Lithuanian desmid flora and for which morphometric measurements and illustrations are given. Although the territory is relatively small and there is little variation in ecological conditions such as pH values, some pattern in the distribution of species was observed.
Material and methods
The desmid flora of the Girutiskis reserve was investigated in July and October 2001, and again in April 2007. Due to access difficulties only nine of the thirteen lakes were visited, i.e. Balinukas 1, Balinukas 2, Balinis, Akute, Petrezeris, Bezuvis, Girutiskis, Pasilinis, and Untinelis (Fig. 1) . The desmid flora was investigated according diversity, abundance, distribution, and ecological preference.
The studied lakes are mostly small and shallow, with a surface area varying from 1.0 to 62 hectares and an average depth varying from 1.0 to 3.1 meters. They differ in their origin, surrounding bog type, type of sediment and water pH (Table 1) . The biggest and deepest lake is the Girutiskis (surface area 62 ha, max. depth 7 m, average depth 3.1 m). It is a thermokarstic, acidic (pH 4.5-5.6) "lobelia-type" lake (Lobelia dortmanna L. was present until 1966) of natural origin. There are small local sandy areas at the southern and northern shores.
The other studied lakes are of a secondary origin. They could be group in two categories: one comprising three small shallow slightly acidic (pH 5-6) lakes located in the southern 908 R. Briskaite et al. part of the reserve, surrounded by a wide zone of trembling bog (Balinis, Balinukas1, and Balinukas2). The second category includes five more acidic (pH 3.8-5.1) lakes located in the central and northern parts of the reserve, surrounded by sub-shrub bog (Akute, Petrezeris, Bezuvis, Pasilinis, and Untinelis).
Measurements of pH and temperature were performed in the field using a Hanna Instruments portable electronic pH-temperature meter. The water temperature ranged from 8.5 to 28
• C during the sampling period. Algal sampling was done by squeezing out submerged mosses Sphagnum spp. The samples were preserved with formaldehyde to a final concentration of about 4% shortly after sampling. Identification of desmids was accomplished following these manuals: West et West (1904 , 1905 , 1908 , 1912 ; West et al. (1923) ; Krieger (1933 Krieger ( , 1935 Krieger ( , 1937 ; Hirano (1956 Hirano ( , 1959a Hirano ( , 1959b Ružička (1977 Ružička ( , 1981 ; PalamarMordvinceva (1982) ; Lenzenweger (1996) ; Dillard (1990 Dillard ( , 1991 Dillard ( , 1993 ; John et al. (2003) .The reference material is deposited at the Herbarium of Vilnius University (WI). The species distribution along the pH-gradient was analyzed using the statistical program TILIA 2.0 (Grimm, 1992) . Similarity of the lakes was analyzed by the program BioDiversity Professional (McAleece et al., 1997) . Algal cells were counted according to Lesiak (1990) . The distribution of species was assessed according to the following scale: rare (R) -species recorded in one studied lake; common (C) -species recorded in 2-4 lakes; frequent (F) -species recorded in 5-9 lakes. Comparison of the species diversity between lakes was done by the Sørensen index (Sørensen 1948) .
Results and discussion
Seventy-eight taxa of desmids were found of which 16 species were new records for Lithuania (Figs 2, 3) . A list of species, their morphometrical measurements and their distribution in the studied lakes and Lithuania is given in Table 3 .
As was expected, species of the family Desmidiaceae dominated the studied lakes (Table 2 ). They com- (Fig. 2: 3) L.: 38 µm, W.: 21.6-24 µm, I.: 12 µm. Balinis R * S. dispar Bréb. (Fig. 2: 4) L.: 27.5 µm, W.: 27.5 µm, I.: 8.3 µm. Balinukas2 R * S. elongatum Barker (Fig. 3: 13 prised 80% of all recorded taxa. The proportion of species belonging to the Mesotaeniaceae (13%), Closteriaceae (6.4%), and Peniaceae (1.3%) was less significant. The genera Staurastrum, Euastrum, and Netrium had the highest species richness -17%, 10%, and 9% of all taxa respectively. The prevalence of Staurastrum species is a characteristic feature for Lithuania desmid flora (Kostkeviciene et al. 2003) . The second group of genera, each comprising about 6-8% of all taxa, con- sisted of Actinotaenium, Cosmarium, Closterium, Micrasterias, Pleurotaenium, and Tetmemorus. The genera that had the lowest number of species were Bambusina, Desmidium, Hyalotheca, Cylindrocystis, and Penium.
All of the recorded species (Table 3) have a worldwide distribution and are typical for Sphagnum bogs species, except Euastrum insigne, Netrium interruptum, N. oblongum var. cylindricum which are rare species in the world, Micrasterias jenneri which is mostly known from Europe and the Arctic, Penium cylindrus which is an arctic-alpine species and Staurodesmus extensus which has an essentially boreal distribution and is usually found in plankton (John et al., 2003) .
Interestingly, in spite of a relatively small size of the investigated territory, homogenous ecological conditions and a narrow range of measured pH-values the species number and their composition are quite different in the lakes (Figs 4, Fig. 5 The desmid diversity of two lakes, Girutiskis and Pasilinis, was relatively distinct from that in the other lakes and had a low similarity index (6-25% and 16-36%, respectively). Girutiskis lake differ from others by his origin and size. It is a deep and large thermokarstic lake, of natural origin. Maybe this could have influence for desmids species composition. To prove it we need more detail investigations as well as to explain Pasilinis lakes separation from other lakes. The remaining seven lakes fell into groups I and II (Fig. 4) .
Differences between the desmid flora of the lakes could be due to different water pH and possibly the type of bog surrounding the lakes. According to the total diversity of desmid species, the less acidic (pH 5.1-5.7) shallow lakes (Akute, Balinukas1, Balinukas2, Balinis), which are surrounded by trembling bogs, comprised the first group (I). These lakes also have the highest number of species (30-37). Species of the genera Closterium, Euastrum, Micrasterias and Staurastrum prevail in this group. The similarity index of this group of lakes was 52-62%.
The second group (II) comprised the more acidic (pH 4.1-4.5) lakes (Untinelis, Bezuvis, Petrezeris) which are surrounded by sub-shrub bogs. The smallest number of species (6-7 species), mostly Netrium and Tetmemorus genera was identified in this group of lakes. The similarity index of this group of lakes was 43-50%. Similar observations on the correlation between desmid species richness and pH values have been made at other Lithuanian mires (Kostkeviciene et al., 2003) as well as in similar habitats in Poland (Wasylik 1961; Tomaszewicz 1994) and Hungary (Fehér 2003) . These authors observed a reduced number of species in highly acidic habitats (pH 3.0-4.0) whereas in habitats with pH values of 5.0-6.0 (7.0) the highest species number of desmids was recorded.
These results led us to perform a more in depth study of the distribution of species along a pH-gradient (Fig. 6) . Cylindocystis brebissonii, Bambusina borreri, and Pleurotaenium minutum were more abundant in strongly acidic waters (pH 3.8-4.7) where they comprised 30-90% of total cell abundance. The species Netrium digitus, Micrasterias truncata, M. jennerii, Tetmemorus brebissonii and T. leavis prevailed in less acidic waters (pH 5.1-6.3), where their abundance ranged from 20 to 80%. Also at the genus level a certain correlation between abundance and pH could be observed as the genera Euastrum, Mesotaenium, Micrasterias, Netrium, Tetmemorus and Xanthidium preferred less acidic habitats (pH 5.2-6.3).
The analysis of the species distribution in the studied lakes revealed that the species rated as "rare" found one lake comprised about 49% of all taxa and "common" species, found in 2-4 lakes, i.e. 40% of all taxa (Fig. 7) .
Species encountered in the Girutiskis reserve lakes and rated as "frequent", found in 5-9 lakes, made up only 11% of all taxa. Only three species, Actinotaenium cucurbita, Cylindrocystis brebissonii and Netrium digitus, were widely distributed and were found in more that 8 lakes. Thirty percent of the species recorded in the Girutiskis reserve are rare species in Lithuania.
A similar phenomenon was observed for other studied area in Lithuania, where rarely distributed species comprised more than 70% of all taxa (Kostkeviciene et al., 2003) . A possible explanation could be that the Lithuanian desmid flora is still poorly investigated. The present study has revealed the first glimpse of the presence of a rich desmid flora in the Girutiskis lakes. Further detailed investigations are required for a more complete assessment of the desmid biodiversity in this area.
